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SUMMARY 



A program of outdoor tests was carried out to 
determine the static-thrust and torque characteristics 
of Single- and dual-rotating propellers for use in air- 
craft propeller design and. in take-off performance esti- 
mation/ The propellers used for the tests were 10 feet 
in diameter an*" : ere made up 6f blades of Hamilton 
Standard design, drawing numbers 3155-6 and 3155-6-I.5. 
The characteristics were investigated over a considerable 
range of solidity for both single- and dual-rotating pro- 
pellers. Blade-angle set tings "ranged from 10° to lj.0 0 
in 5° increments. 

The propeller characteristics are presented as func- 
tions of the. blade-angle setting at the three-quarters 
radius and, for some comparisons, as a function of the 
power coefficient. Design charts showing the variation 
of thrust with total activity factor are included. 

Dual-rotating propellers showed substantially higher 
static-thrust and power absorption than the corresponding 
single -rotating propellers. At equal power absorption 
the static thrust of the six-blade dual-rotating propeller 
was approximately equal to that of the eight-blade single- 
rotating propeller, both with standard-width blades. A 
wide-blade single-rotating propeller produced a slightly 
higher static thrust than did the propeller of equal 
solidity with standard-width blades. Faired data from 
the extrapolation of wind-tunnel test curves to zero 
V/nD were found to be generally consistent and of suf- 
ficient accuracy for use in most preliminary propeller 
calculati ons . 
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INTRODUCTION 



The static-thrust and torque characteristics of 
aircraft propellers are often required in take-off 
calculations and propeller selection. Since only a 
limited amount of static-test data is available (refer- 
ence 1), the data are usually obtained by the extrapola- 
tion of wind-tunnel test curves to zero advance-diameter 
ratio. Data obtained by this method, while generally 
satisfactory, have sometimes led to conflicting conclusions 
mainly because of the sparsity of data at low airspeeds. 

In order to obtain true static condition and to 
avoid the undesirable features of indoor testing, a 
balance rig was constructed to permit outdoor testing. 
The identical propeller-nacelle combination used in 
references 2 and 3 was used in the outdoor tests at 
the NACA propeller-research tunnel to expand the scope 
of available information and to permit the direct com- 
parison of the actual static-test results with those 
extrapolated from wind-tunnel tests. 

The program covered tests of two-, three-, four-, 
six-, and eight-blade single -rot ating and four-, six-, 
and eight-blade dual-rotating propellers of standard- 
blade width. In addition, three- and four-blade single- 
rotating and six- and eight-blade dual-rotating pro- 
pellers of 5^ percent increase in thickness and blade 
width were included. The blade -angle range was from 10° 
to k0°. 



METHODS AND APPARATUS 



A general idea of the test setup is given by fig- 
ure 1. By following through the linkages indicated in 
figure 2, it may be seen that the balance reading dif- 
ference was proportional to the thrust by a ratio of 
the moment arms ac/bd. The thrust measured in this way 
included a riegative component due to the drag of the 
nacelle body and supports in' the propeller slipstream. 
Calculations based on test data of reference 2 from 
wind-tunnel crag runs of the nacelle body alone indicated 
that this drag was 1.2 percent of the measured thrust. 



The engine-nacelle body and propellers were those 
used in the previously mentioned wind-tunnel tests. 
(See references "2 and 3.) The motor arrangement and the 
spring-selsyn dynamometer used to measure the torque are 
described in reference 2. Dimensional details of the 
nacelle from reference 2 are reproduced in figure 3- 
The propellers were of 10-foot diameter, Hamilton 
Standard design with drawing numbers 3155"^ ^ cr the 
right hand and 3156-6 for the left-hand blades and with 
Clark Y sections throughout. Also included were pro- 
pellers of the same diameter, blade sections, pitch dis- 
tribution, and thickness ratio, but with blades 50 per- 
cent wider and thicker. These will hereafter be referred 
to as 11 wide blades," and the drawing numbers are modified 
to ^d 5I56-6-L 5« Blade-form curves for 

both standard-width and wide blades are given in figure I4. . 

Check tests, with and without spinners, showed a 
negligible difference in the propeller characteristics 
for the static condition. A considerable saving of time 
in changing blade angles was effected in these tests by 
omitting the spinner surface. 

Two-, three-, and four-blade single-rotating pro- 
pellers were tested with the blades in the rear hub. 
The six- and eight -blade single- and dual-rotating 
propellers were made up on two hubs in tandem, each hub 
having an equal number of blades. The hub spacing was 
10 inches for both single and dual rotation. 

The position of the shaft splines prevented equi- 
angular spacing of the blades for the six- and eight- 
blade single -rotating propellers. The front blades led 
the rear blades by 75 0 for the six-blade propeller and 
52,5° for the eight-blade propeller. Results of refer- 
ence h indicate that this unequal spacing would not 
affect the results. 

The dual-rotating runs were made at equal front 
and rear propeller rotational speeds with the blades of 
the front component set in equal increments of 5 0 each 
but with the rear component adjusted to a slightly smaller 
angle. The differential settings, which are those giving 
approximately equal front and rear torque at peak efficiency, 
are given in figure S f - These settings were used because 
normally the flight efficiency of the propeller is of 
primary importance and also because the static tests are 
to supplement previously published wind-tunnel data. 
(See references 2 and 3. ) 
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Blade angles were varied from 10° to LlO° in 5 
increments, with the exception that dual-rotating pro- 
pellers with wide blades were not tested beyond 35 
because the 10-inch hub spacing did not permit passage 
of the blades at higher settings. 

At each blade-setting, several readings of thrust 
and torque were made over a small range of rpm. The 
test points thus obtained were plotted against; rpm 
as shown in figure 6, faired, and the faired value was 
corrected tot wind velocity. 

The lov: power of the electric propeller-drive 
motors (two 25-horsepower induction motors) prevented 
any sensible occurrence of compressibility effects. 
The highest rotational speed (|50 rpm. at low blade 
angles only) resulted in a maximum attainable ratio 
of tip speed to the velocity of sound of 0.23 • 

The Reynolds number varied depending on the blade 
width and. on the rotational sfo#ed obtainable. Based on 
the chord at ~>.7y R, it was of the order of 900,000 for 
the standard-width blades , 

Tests were made outdoors sufficiently far away from 
buildings or other obstructions that might have affected 
the flow. The limiting wind, velocity beyond which test- 
ing was not done was taken as 5 miles per hour, plus or 
minus (plus or minus in the sense that a small positive 
or negative V/nD would result). Readings of wind 
velocity taken before and after each run on -a vane-type 
anemometer were averaged in making the small correc- 
tions to the observed " results . Testing in cross winds 
was avoided. 

The accuracy of static-thrust tests conducted 
outdoors is lower than the wind-tunnel tests, partly 
because at the higher blade angles any wind velocity 
would have the effect of stalling or unstalling a por- 
tion of the blades, depending on its magnitude and 
direction relative to the normal induced inflow velocity. 
This fact would make any method of correction to actual 
static conditions less reliable, and is a source of 
possible error not present in wind-tunnel tests. 
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RESULTS AND DISCUSSION 



The results are reduced, to di men si on less coeffi- 
cients ss follows: 



C 



T pi, 



_ 2trn Q _ P 
P f-n^D^ pn^D^ 



P cn3r>5 



2rrn Qp 



2TTQ } R 



Cp , Cp subscripts F and R refer to front and 

F R rear components of dual-rotating propellers 

C T /Cp static -thrust figure of merit 

V/nD advance -diameter ratio 

Standard NACA symbols are used: 
T tension in propeller shaft, pounds 

AD additional drag of nacelle and struts caused by 
propeller slipstream, pounds 

T e - T - AD effective thrust, pounds 

p power absorbed by propeller, foot-pounds per second 

Q, propeller torque, pound-feet 

n propeller rotational speed, revolutions per second 

D propeller diameter, feet 
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p mass density of air, slugs per cubic foot 

R propeller radius, feet 

(3 blade angle at C.75R, degrees 

The results are presented in plots showing the 
propeller characteristics as a function of the blade- 
angle setting at the O.75R. Comparisons are made on 
the basis of^'both blade-angle setting and power coeffi- 
cient. Table T is a complete list of the figures giving 
these results . 

The basic static characteristics are presented in 
figures 7 through lS, which are plots of 

the ratio of Crj/Cp against blade angle, 
of the points, which are s&owh on the C T 
is usually less than 2 percent at blade angles less 



and 



The scattering 
and Cr, curves, 



than 20 



o 



Abo ve 2C° the dispersal is as much as 5 percent, 



which may be attributed to the previously cited wind 
effect. 

The static-thrust figure of merit, 0 T /C p , is of 

practical utility in that it can be used to find the 
static thrust if the propeller diameter, engine power, 
and rpm are known because 



; T /C r = T e nD/F 



This is a convenient form for dealing with controllable- 
pitch propellers where n is substantially constant. 
The effect of differences of propeller-body combination 
on AD, however, should be taken into account. 

Figures 19 and 20 show the variation of power 
absorption with blade angle of the front and rear com- 
ponents of the six-blade dual-rotating propellers, Four- 
and eight-blade propeller results were similar. The coef- 
ficients for the front and rear components could have 
been made equal by setting the blades for equal power 
absorption at the static-thrust condition instead of at 
maximum efficiency. Reference 5 (fig- 5&) indicates 
that negligible increase in static thrust would result. 
It should be remarked that the data from which figures^l9 
and 20 were prepared were not corrected for wind velocity 
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since this correction is very small. The sum of Cp p 
and Cpp therefore will not necessarily be equal to Cp. 

Composites of the characteristic curves are pre- 
sented in figures 21 and 2?.. It is to be expected that 
the thrust or power absorption of propellers would not 
vary directly with solidity or activity factor because 
of blade interference, and these curves are of particular 
interest in connection with this point because of the wide 
variation of solidity. The fact that the solidity was 
varied, in two different ways is of further interest, as 
will be more fully illustrated . 

Figure 21(a) presents curves of Crp as a function 
of blade angle for the standard -width propellers. These 
curves show the gain in static thrust resulting from 
increasing the number of blades. Increasing the number 
of blades also tends to delay the stall. Dual rotation 
increases the bhrust and give's a less severe stall than 
the 3 ingle -rota ting propeller of corresponding solidity. 
The curves of Ciy versus blade angle for the wide-blade 
propellers are shown in figure 21(b), No stalling was 
apparent for the six- and eight-blade dual -rotating 
propellers in the range of blade angles tested. 

Figures 22(a) and (b) are composites of the power- 
coefficient curves , which show how the power absorption 
increases with increasing number of blades. The greater 
power absorption of the dual -rotating propellers, as com- 
pared to that of the corresponding single -rotating pro- 
pellers, is evident. The four-blade single-rotating pro- 
pellers, both with standard -width and wide blades, show 
a lessening of the rate of increase of power absorption 
starting between 25° and 30°, which may be the effect of 
blade interference. It would appear from this reasoning 
that the addition of more blades would accentuate this 
effect, but the power -coefficient curves of the six- and 
eight-blade singlerotating propellers do not show the 
effect to the same degree a3 the power-coefficient curve 
of the four -blade propeller. Both the six- and eight ~ 
blade propellers were tandem arrangements, however, 
which may have reduced the effect of blade interference 
at zero V/nD. 
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In figure 23 a comparison is made of two single- 
rotating propellers of equal solidity,- "but with one 
propeller having four vide and the other having six 
standard- width blades. Over the lower part of the 
blade-angle range, the power absorption of the wide- 
blade propeller is slightly less, but it becomes 
slightly greater at the higher blade angles. The 
static thrust of the four-blade propeller, however, is 
slightly higher throughout most of the blade-angle range. 
Some of the differences noted, above could be ascribed 
to Reynolds number effect, since both propellers were 
run at approximately equal rotational speeds at equal 
blade angles. It is also possible that some of the 
differences were caused by the higher local inflow 
velocity of the wide -blade propeller which would reduce 
the blade element angles of attack and so delay the stall 
A more practical comparison of these two propellers is 
given in figure 2k where C T /Cp is plotted as a function 

of Cp. The higher static thrust of the wide-blade 
propeller over most of the range tested is thus shown. 

A comparison of Crp/Cp of the eight-blade single- 
rotating with the six-blade dual -rotating propeller at 
equal power absorption, both propellers having standard- 
width blades, is given in figure 25. These curves indi- 
cate that the six -blade dual -rotating propeller produces 
more thrust at the higher power coef f icients than does 
the eight-blade single -rotating propeller, in spite of 
the difference in solidity. 

The variation of Cip with total activity factor 

at several values of Cp is given in figure 26. Fig- 
ure 26(a) shows that the single -rotating wide -blade 
propellers produced a higher thrust for a given power 
than the corresponding propellers of standard- width 
blades. It appears from figure 2c(b), however, that 
the difference between dual-rotating propellers of 
wide or standard- width blades in not so pronounced as 
in the s ingle- rota ting case. The curves' of dual- 
rotating propellers having wide and standard-width 
blades are practically continuous up to a power coef- 
ficient of about 0.6. As a first approximation the 
thrust coefficient is the same for either propeller 
at a given total activity factor. 
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COMPARISON OF STATIC TEST AND EXTRAPOLATED 
WIND-TUNNEL RESULTS 



Static -thrust and power characteristics have been 
useful chiefly for estimating the length of take-off 
run and for calculating nosing-over moments . Static-test 
data are usually unavailable for any particular propeller 
design and hence these data are usually obtained by the 
extrapolation of wind-tunnel test curves to zero v/nD. 
This method has been fairly satisfactory, but there may 
be some question as to the reliability of this method in 
the light of the recent development of aircraft engines 
of 2000 or more horsepower. Several factors such 
as dual rotation, propellers of high solidity, two-speed 
gearing, and combinations of these devices have come into 
prominence as means of efficiently absorbing this increased 
power at zero and low airspeeds. Reliable data are essen- 
tial in properly evaluating the effect of variations In 
these schemes. 

The fact that many combinations of single- and 
dual-rotating propellers had been previously tested In 
a wind-tunnel presented an opportunity to compare 
extrapolated results with test results. First, C T and 
Cp points at zero V/nD were obtained by extrapolation, 
and inconsistencies were f.aired out after plotting these 
points against blade angle. Curves of C T and Ct 
versus .blade angle obtained in this manner were then 
superimposed on the test, curves, as shown* in figures 2? 
and 28.. The agreement between results from static tests 
and those from the- extrapolation of wind-tunnel test 
results Is good tn some cases and only fair in others. 
An Important quantity in the application of these 
results is Cm/Cp. In figure 29 some of the results are 
compared on this basis as a function of blade angle. 
The largest variation appears in the curves of the four- 
and six-blade single -rotating propellers. In the case 
of the four-blade propeller, for example, the extrapolated 
value of Crp/Cp varies from h. to 8 percent too high at 

the lower blade angles to as much as 19 percent too high 
at the higher blade angles. 

Where possible, the wind-tunnel values without wing 
were used in order to correspond to the static-thrust 
results. In almost every case, however, the wind-tunnel 
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tests for the standard*- width blades at 10° and l c j>° blade 
angle had been made only with the wing in place, but at 
the so low blade angles the twist in the slipstream would 
be small so that the effect of a wing on a tractor pro- 
peller would be negligible. From 20" on, these blades 
had been tested: both with and without wing, thus permitting 
comparison under the same condition as the static tests. 
Unfortunately, the wide blades had been tested only with 
wing through/ the entire blade-angle range. Nevertheless, 
it seemed that the wide-blade comparisons would still be 
of interest. 

It was shown in reference 2 that the presence of a 
wing in the slipstream reduced the rotational losses of 
a single -rotating tractor propeller approximately ^0 per- 
cent. From the above statement it would be expected 
that the values of C T from the static tests of the 
wide -blade single-rot at irig propellers with no wing would 
be somewhat lower than the values from the wind-tunnel 
tests made rith the wing, particularly at the higher 
blade angles where the twist of the slipstream, is more 
pronounced. This result is definitely indicated in 
figure 27(c) by the Cm curves of the three- and four- 
blade single -rotating propellers with vide blades. A 
similar effect would not be anticipated for dual rotation, 
because the rear component of the propeller would tend 
to remove the twist of the slipstream. This is confirmed 
by the plots of the six- and eight-blade dual-rotating 
propellers with wide blades (ifig, 27(d)). 

The general uniformity of extrapolated wind-tunnel 
data as found in this investigation suggests that a 
more accurate picture of the effect of a wing on a 
tractor propeller might be obtained by comparisons 
based entirely on such data rather than basing the com- 
parisons partly on static-test and partly on extrapolated 
wind-tunnel data. In figures JO and 31, use is made of 
data from the extrapolation of wind-tunnel test results 
of the six-blade single- and dual-rotating propellers both 
with and without wing. (Data from reference 2.) At a 
value of Cp of 0.675, for example, C T for the dual- 
rotating propeller is C.l+27 either with or without wing 
while, for the single-rotating propeller, C T is O.357 
with wing, and O.JC^ without wing. At this value of Cp 

of O.675, the wing increased the static-thrust coeffi- 
cient of the single -rotating propeller by about 15 per- 
cent, but dual-rotation showed an increase over single rotation 
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(without wing) of about 38 percent. The effect of the 
wing on single-rotating propellers, however, is negligible 
at blade angles representative of the take-off condition, 
usually less than 30 0 . 



CONCLUSIONS 



The following conclusions are based on static-thrust 
comparisons free of compressibility effects. In the case 
of the dual-rotating propellers the pitch settings were 
adjusted to provide equal torque and power at peak effi- 
ciency, 

1. Dual-rotating propellers exhibited a substantial 
gain in static thrust and power absorption over the 
corresponding single-rotating propellers. 

2. On the basis of equal power absorption, the six- 
blade dual-rotating propeller was found to be capable of 
producing approximately the same static thrust as the 
eight-blade single-rotating propeller, both propellers 
having standard -width blades. 

3. At equal solidity or total activity factor, wide- 
blade single-rotating propellers produced a higher static 
thrust for a given power coefficient than did the equivalent 
propellers with standard- width blades. 

k. The agreement of C T /Cp as obtained from static- 
test and extrapolated results of wind-tunnel tests, while 
generally fair, was found in one case to vary as much as 
19 percent. 



Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. , June 28, l^hh. 
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Figure 1.- Static -thrust test setup, with eight wide blades, arranged 

for dual rotation. 




Figure 2.- Diagram of thrust-measuring mechanian. 
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Figure J.- Plan view showing dimensional details of nacelle. 




Figure 4.- Blade-form curves, nropeiiers 3 1 5 c >"6 and 3 1 55-b-1.5« blade-form curves, 
except b/D, are identical. Symbols are: D, diameter; R, radius; 
r, station radius: b. section chord; h, section thickness; p, geometric Dltcn. 
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la) Tnree-blade single-rotating propeller, standard- 
width blades, p = 10°. 
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(b) Six-blade single-rotating propeller, standard 
width blades, (3 = I4.O 0 . 

Figure 6.- Typical initial test results uncorrected for 
wind velocity. 
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^l^ure 9 Stat!c* ^eracteristios of three-blade single-rotating 
nroceller. Wide blades. 



- T j_i_^ r _j — J._ I — .L . .. . j. — • — I — j.__J — L_L L-_L._i _.| u~ i_.J__.j_. 




p igure 11.- Static characteristics of f^ur-blace dual-rotat ing 
nroreller. Standard-width blades. 



I 



M:8: 



m 



1 : "r 



m 



] "AWlgpflf:: ; | ' 



zrzr 

blade slnsrle- 



1gure 12.- Static characteristics of 
nropeller. 'Aide blades. 
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^Igure 13-- Static characteristics of six-blade s' n?le-rotat lnc 
propeller. Standard -width blades. 
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Figure lU.- Static characteristics of six-blade dual-rotating 
oropeller. Standard-wi.ith blades. 
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Lgure 15.- Static character! 
prODeller. A'lde blades. 
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Figure 16.- Static characteristics of eight-blade single-rotating propeller. 
Standard-width blades. 
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Figure 17.- Static characteristics of eight-blade dual-rotating 
oropeller. Standard-width blades. 
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gure 18.- Static characteristics of eight-blade dual-r 
propeller. Wide blades. 




Figure 19.- Variation of the power absorption of the front and 
rear components of the six-blade dual-rotating propeller. 
Standard-width blades. 
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Figure 20.- Variation of the power absorption of the front and rear 
components of the six-blade dual-rotating propeller. Wide 
blades. 




(a) Standard-width blades. (b) Wide blades. 

Figure 21.- Composite of static-thrust coefficient curves. 




(a) Standard-width blades. 



Figure 22.- Composite or static-power coefficient curves. 
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Figure 2l|.- Comparison of single-rotating propellers of equal 
solidity on equal power basis. 
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blades. 
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(a) Single-rotating propellers. 
Figure 26.- Variation of static- thrust coefficient with activity factor. 




Figure 27.- Comparison of 
wind-trunnel test curves 



(a) Standard-width blades, single rotation. 

static test data and data from extrapolation of 
Thrust coefficient curves. 




(b) Standard-width blades, dual rotation. 
Figure 27.- Continued. 




(o) Wide blades, single rotation. 
Figure 27.- Continued. 




(a) Standard-width blades, single rotation 

Figure 28.- Comparison of static test data and data from 
extrapolation of wind-tunnel test curves. Power- 
coefficient curves. 
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(c) Wide blades. 
Figure 28.- Concluded. 
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(a) Single rotation. 

Figure 29,- Comparison of static test data and data from 
extrapolation of wind-tunnel test curves. 



(b) Dual rotation- 
Figure 29,- Concluded. 




Figure 30.- Static-thrust coefficient curves from 
> extrapolation of wind-tunnel data showing effect 

of wing on six-blade single- and dual-rotating 
prooellers. 




Figure 31.- Static poY/er-coeil icient curves fron extrapolation 
of wind-tunnel data showing effect of wing on 
six-blade single- ana dual-rotating propeller^. 



